Objective: The aim of this study was to investigate homocysteine and methylmalonic acid levels as markers of functional cobalamin and folate status in pregnant Nepali women. Design: Cross-sectional study. Setting: Patan Hospital, Kathmandu, Nepal. Subjects: A sub-sample (n ¼ 382) of all pregnant women (n ¼ 2856) coming for their first antenatal visit in a 12 month period, 1994 -1995. The selection of the sub-sample was based on maternal haematocrit values, categorised into three groups: severely, moderately and non-anaemic women. As serum levels of total homocysteine (s-tHcy) and methylmalonic acid (s-MMA) were similar in the three groups, pooled data are presented. Women who had already received micronutrient supplementation (n ¼ 54) were excluded. The remaining women (n ¼ 328) were included in the statistical analysis. Results: Overall mean values ( AE s.d.) of s-tHcy and s-MMA were 9.5 ( AE 4.2) mmol=l and 0.39 ( AE 0.32) mmol=l, respectively. Elevated s-tHcy (>7.5 mmol=l) was found in 68% of the women, while 61% had elevated s-MMA (>0.26 mmol=l). Low s-cobalamin values (<150 pmol=l) were observed in 49% of the women, while only 7% had low s-folate values ( 4.5 nmol=l). s-tHcy was significantly correlated with s-MMA (r ¼ 0.28, P<0.001), s-cobalamin (r ¼ 70.30, P<0.001) and s-folate (r ¼ 70.24, P<0.001). s-MMA was significantly associated with s-cobalamin (r ¼ 70.40, P<0.001), but not with s-folate. Conclusions: Functional cobalamin deficiency was very common in the study population, while functional folate deficiency was rather uncommon. We suggest considering cobalamin supplementation to pregnant Nepali women. Sponsorship: The Norwegian Research Council and the Norwegian Universities Committee for Development, Research and Education.
Introduction
Pregnant women in developing countries are vulnerable to nutritional deficiencies, which may be associated with maternal and foetal morbidity. Due to regional and cultural differences, the importance of the different micronutrients deficiencies may vary. We have previously reported high prevalences of anaemia, nutritional deficiencies and intestinal infections among pregnant women in Nepal (Bondevik et al, 2000a, b) . Nearly two-thirds of the women had anaemia (haematocrit 33%), one-third had iron deficiency (s-ferritin <15 mg=l), and one-fifth had low s-vitamin A values (<0.70 mmol=l). Low s-cobalamin (<150 pmol=l) was observed in nearly half of the women, while less than a tenth had low s-folate values ( 4.5nmol=l). Intestinal infections were observed in one-third of the women.
The traditional Nepali diet is predominantly vegetarian. Since cobalamin is only found in food of animal origin, nutritional cobalamin deficiency may develop, as observed in other vegetarian communities (Chanarin et al, 1985; Herbert, 1988; Sanders, 1999) . Cobalamin malabsorption, often due to gastrointestinal infections, may be an additional important factor causing cobalamin deficiency (Allen, 1994) . Diagnosis of cobalamin deficiency during pregnancy can be difficult, as artificially low s-cobalamin values are often encountered and need not indicate functional deficiency (Kalamegham and Krishnaswamy, 1977; Pardo et al, 2000) . It is therefore unclear whether all pregnant women with low s-cobalamin values do have functional cobalamin deficiency. Further, it is uncertain whether s-folate is a good indicator of functional intracellular folate status, and whether the prevalence of folate deficiency in our previous study really was low.
Earlier studies have confirmed that total homocysteine (tHcy) increases in cobalamin and folate deficiencies, while methylmalonic acid (MMA) only increases in individuals with impaired cobalamin status. These metabolites are therefore considered reliable indicators of functional deficiencies of these vitamins Lindenbaum et al, 1990; Savage et al, 1994; Snow, 1999) .
To the best of our knowledge, data on tHcy and MMA levels in the general Nepali population, and pregnant Nepali women in particular, have not been published before. These laboratory tests may provide a better picture of functional cobalamin and folate status in pregnant Nepali women. According to the recommendations of health authorities in Nepal, pregnant women are currently routinely supplemented with iron (ferrous sulphate 200 mg twice daily) and folate (folic acid 5 mg daily).
The present study focuses on serum levels of tHcy and MMA in 328 pregnant Nepali women attending for their first antenatal visit. We studied the relationship between tHcy, MMA, cobalamin and folate. Further, we investigated potential determinants of functional cobalamin and folate status, and seasonal variation in the status of these vitamins. Finally, we aimed to analyse associations between s-tHcy levels and complications and adverse outcome of the pregnancies.
Subjects and methods

Data collection
In the period August 1994 -July 1995, all pregnant women (n ¼ 2856) attending the female outpatient department in Patan Hospital, Kathmandu, for their first antenatal visit, were interviewed by a Nepali midwife and examined clinically by health assistants. In a sub-sample of 479 women, we studied the associations between anaemia and micronutrient status and infections. In this sub-sample, the women were divided into three groups according to their haematocrit values: severely, moderately and non-anaemic women (Bondevik et al, 2000b) . Serum and stool specimens were collected for further investigations. In 382 of the samples, there were sufficient quantities of serum to allow analysis of tHcy and MMA.
Women who reported having received iron or folate supplementation before their first antenatal visit (n ¼ 54) were excluded from the study. The remaining women (n ¼ 328) were included in the statistical analysis. Nearly half (n ¼ 145) of the women included in the present study subsequently delivered in Patan Hospital. Details of the pregnancy outcomes were recorded from the hospital files. All pregnant women attending Patan Hospital for antenatal care routinely received iron and folate supplementation. Details regarding compliance with the supplementation therapy are not known.
Laboratory methods
The following laboratory parameters were analysed, and used as indicators of cobalamin and folate deficiencies, anaemia and infections: s-cobalamin, s-folate, s-tHcy, s-MMA, haematocrit, s-C-reactive protein (s-CRP) and stool microscopy. Haematocrit, urine and stool samples were analysed in Patan Hospital. The haematocrit values were estimated in a micro-capillary reader. Fresh stool samples were examined microscopically by wet mount using saline.
Serum was separated by centrifugation within 1h after blood sampling, and kept frozen at 720 C in the laboratory freezer until the samples were sent to Haukeland University Hospital, Bergen, Norway for further analysis. s-tHcy was determined by a modification (Fiskerstrand et al, 1993) of an automated procedure developed for the determination of tHcy in blood (Refsum et al, 1989) . The between-day coefficient of variation for the method is less than 5%. MMA in serum was determined by capillary electrophoresis with laser-induced fluorescence detection (Schneede & Ueland, 1995) . The between-day coefficient of variation of the method is 5 -10% within the physiological range of MMA concentrations. The levels of both tHcy and MMA were later confirmed using a gas chromatography -mass spectrometry (GC-MS) method based on ethylchloroformate derivatization (Husek, 1995) . The between-day coefficient of variation of this method is about 5% for both analyses.
s-Cobalamin and s-folate were determined by magnetic separation assays (MSA) using a Technicon Immuno 1 system (Technicon Instruments, Bayer Corp., New York). Some samples showed values above or below the analytical range of the folate and cobalamin assay. These samples were assigned the values of the upper or lower limit of the analytical range of the assay. s-CRP was determined by an immunoturbidimetric assay (Orion Diagnostica, Espoo, Finland) .
Definitions
In the present study, we used cut-off values of s-folate 4.5 nmol=l and s-cobalamin <150 pmol=l, indicating impaired vitamin status. A commonly used cut-off value of s-tHcy in a non-pregnant adult population is >15.0 mmol=l (Refsum et al, 1998) . To the best of our knowledge, data on serum Hcy reference ranges for pregnant women have not been published. Kang et al, 1986 ). Rajkovic and co-workers found a mean ( AE s.d.) Hcy value of 4.99 ( AE 1.11) mmol=l among healthy pregnant women admitted for delivery (Rajkovic et al, 1997) . A recent study in Alabama showed that healthy pregnant women in the second trimester had a mean ( AE s.d.) Hcy value of 4.6 (AE 1.4) mmol=l (Hogg et al, 2000) . Among second trimester pregnant women in Florida, the overall mean ( AE s.d.) tHcy value was 5.4 ( AE 1.4) mmol=l (Bonnette et al, 1998) . Threequarters of these women had tHcy values less than 6.8 mmol=l, and the highest recorded value was 8.3 mmol=l. In a Canadian study, the mean ( AE s.d.) tHcy values in the second and third trimesters were 4.3 ( AE 1.0) and 5.6 ( AE 2.3) mmol=l, respectively (Walker et al, 1999) . Other researchers have defined elevated Hcy as the upper decile of distribution of values among healthy pregnant women, using Hcy!5.5 mmol=l as the cut-off value in second trimester women (Sorensen et al, 1999) . Based on the results of these studies, we chose s-tHcy >7.5 mmol=l as a reasonable cut-off value in our study.
To the best of our knowledge, data on s-MMA reference ranges for pregnant women have not been published. However, one study indicated that urine MMA values among pregnant women with and without low s-cobalamin values were within the reference range for non-pregnant individuals (Pardo et al, 2000) . The laboratory of Haukeland University Hospital defines the reference range for s-MMA between 0.05 and 0.26 mmol=l. We therefore used 0.26 mmol=l as the cut-off value for s-MMA, and considered values >0.26mmol=l as elevated in our study.
Moderate and severe anaemia was defined as haematocrit values 25 -33% and 24%, respectively. The cut-off value of s-CRP was !10mg=l, and the presence of parasites=ovas in stool when examined microscopically was regarded as pathological. Low birth weight was defined as birth weight below 2500 g, preterm delivery as a gestational age of less than 37 weeks after the last menstrual period, and low Apgar score as a score less than 8 at 1 min after delivery.
Characteristics of subjects
The mean age of the 328 women was 22.6 y (range 15 -36 y). The mean height and body mass index (BMI) were 149.1cm (range 134 -165 cm) and 21.7 kg=m 2 (range 12.8 -32.0 kg=m 2 ), respectively. Mean gestational age was 18.5 weeks; a third (n ¼ 106) of the women were in the first half (n ¼ 161) were in the second, and a sixth (n ¼ 53) were in the third trimester. The majority of women were nullipara (62%), 23% were para 1, 13% were para 2, and 2% were para 3 or more. Fourteen percent of the women were severely anaemic, 67% were moderately anaemic and 19% were non-anaemic. As s-tHcy and s-MMA levels did not differ much between the severely, moderately and non-anaemic women, we analysed pooled data.
Data analysis
The EpiInfo-5 and SPSS program packages were used for data analysis. Spearman's rank correlation was used to measure associations between the laboratory variables. Proportions and means of laboratory parameters with 95% confidence intervals were computed in sub-groups of maternal variables. Multiple linear regression analysis was used to assess the simultaneous relation between the different variables, and to provide effect estimates adjusted for other factors. Logistic regression analysis was used for binary dependent pregnancy complications and outcome variables, including pre-eclampsia, preterm delivery, low birth weight and low Apgar score. Adjustments were made for the potential confounders: maternal anaemia, age, parity, gestational age, ethnic group and season (quarter) at blood sampling. The adjusted odds ratio for an elevated s-tHcy value approximates the adjusted risk, relative to the reference value, of having a particular outcome. All tests were two-sided, and we used a significance level of 5%.
The study was approved by the Nepal Health Research Council and the National Ethical Committee in the Norwegian Research Council. A free and informed verbal consent of the subjects was obtained.
Results
Associations between s-tHcy, s-MMA, s-cobalamin and s-folate Among the 328 women included in the present study, the mean values ( AE s.d.) of s-tHcy and s-MMA were 9.5 ( AE 4.2) mmol=l and 0.39 ( AE 0.32) mmol=l, respectively. Elevated s-tHcy was observed in 68% of the women, while 61% had elevated s-MMA. Three of the 328 women had missing s-cobalamin results, while seven had missing s-folate results. The numbers of pregnant women with normal and pathological values of s-tHcy, s-MMA, s-cobalamin and s-folate are shown in Table 1 . Among women with elevated s-tHcy, 67% had elevated s-MMA, 57% had low s-cobalamin and 9% had low s-folate. Among women with elevated s-MMA, 76% had elevated s-tHcy, 62% had low s-cobalamin and 9% had low s-folate.
Nearly half (49%) of the women had s-cobalamin <150pmol=l. Among these, 79% had elevated s-tHcy, 76% had elevated s-MMA and 10% had low s-folate. Seven percent of the women had s-folate 4.5nmol=l. Among these, 86% had elevated s-tHcy, 77% had elevated s-MMA and 68% had low s-cobalamin.
In 147 women (46%), both s-tHcy and s-MMA were elevated, indicating cobalamin deficiency. In the majority of these women, s-cobalamin was <150 pmol=l, while s-folate was >4.5 nmol=l. Among pregnant women with elevated s-tHcy, 71 subjects (33%) had normal s-MMA, indicating that increased s-tHcy levels in these women most likely could be explained by a folate deficiency. Interestingly, only four of these women had s-folate 4.5nmol=l.
In Spearman's rank correlation, s-tHcy showed significant associations with s-MMA, s-cobalamin and s-folate (Table 2 ). s-MMA was significantly associated with scobalamin, but not with s-folate. Mean values of s-tHcy increased with decreasing s-cobalamin and s-folate values (Figure 1) . Mean values of s-MMA increased with decreasing s-cobalamin values, but there was no association between s-MMA and s-folate (Figure 2) .
Interestingly, in women with s-folate values above the lower quartile (>9.5nmol=l), s-tHcy mainly increased at s-cobalamin values below the 100 -149pmol=l interval, while women with s-folate 9.5nmol=l showed increasing s-tHcy values already at higher cobalamin levels (Figure 3 ). This change in the homocysteine response in relation to scobalamin might indicate the isolated influence of folate status on s-tHcy, and that women with s-folate >9.5nmol=l might be considered folate replete. As expected, mean values of s-MMA increased with decreasing s-cobalamin values. However, women in the highest folate quartile showed an earlier increase in s-MMA in relation to scobalamin.
Determinants of functional cobalamin and folate deficiencies
Fractions of elevated values and mean values of s-tHcy and s-MMA according to different maternal variables are described in Table 3 . Multiple linear regression models Mean s-tHcy was significantly lower in women attending for the first antenatal visit during the quarters November 1994 -January 1995 and February -April 1995, compared with the mean values recorded in women attending during the first (August -October 1994) and last (May -July 1995) quarters of the study period. Mean s-MMA was lowest in the quarter February -April 1995, while s-folate was lowest in August -October 1994, but the seasonal differences were non-significant. s-Cobalamin was not associated with season.
Complications and adverse outcome of pregnancy
We studied the associations between elevated s-tHcy values and complications or adverse outcome of pregnancy among women included in the study who subsequently delivered in Patan Hospital (n ¼ 145). In linear regression analysis, we observed that increasing s-tHcy values in pregnancy were associated with a significant decrease in gestational age at delivery (P<0.05). We found a non-significant inverse association between s-tHcy and mean birth weight and Apgar score.
In logistic regression analysis, there was a non-significant increase in risks of pre-eclampsia, preterm delivery and low birth weight among pregnant women with elevated s-tHcy values (Table 4 ). All pregnant women with proteinuria at the first antenatal visit (n ¼ 9) had elevated s-tHcy values. Elevated s-tHcy values were not associated with infections (s-CRP!10mg=l) or pathological micro-organisms in stool. Elevated s-MMA values were not associated with risk of pregnancy complications or adverse outcome in our study.
Effect of supplementation
In addition to the 328 women included in our study, we analysed s-tHcy and s-MMA in 54 women who reported having received iron and folate supplementation prior to their first antenatal visit in Patan Hospital. Details regarding dosage and duration of the supplementation were not available. Supplemented women had a nonsignificantly lower s-tHcy value than the non-supplemented, the mean values (95% confidence intervals) were 8.4 (7.6, 9.2) and 9.5 (9.1, 10.0), respectively. The effects of vitamin supplementation are in accordance with findings in other studies (Brönstrup et al, 1998; Leeda et al, 1998 ). The mean s-MMA values were similar in the supplemented and non-supplemented groups. 
Discussion
In our study population, we found high prevalences of elevated s-tHcy and s-MMA values. This was combined with a high prevalence of low s-cobalamin values and a relatively low prevalence of low s-folate values. s-tHcy was significantly associated with s-MMA, s-cobalamin and sfolate, while s-MMA was significantly associated only with s-cobalamin. Thus, in our population, the majority of elevated s-tHcy values were most likely caused by an impaired cobalamin status. Functional folate deficiency was rather uncommon in this population.
Since our population was not randomly selected, and selection criteria were based on haematocrit values, the results may not be representative for all pregnant Nepali women. Interestingly, neither cobalamin nor folate deficiency was associated with increased risk of anaemia. Moreover, mean s-tHcy and s-MMA values were similar among the severely, moderately and non-anaemic women. Therefore, analyses of pooled data should adequately reflect the situation in the total group of pregnant women attending the antenatal clinic.
We observed a marked shift in the homocysteine response to falling s-cobalamin values among women with the lowest s-folate quartile (<9.5nmol=l; Figure 3) , compared with the homocysteine response for the upper three quartiles. This might indicate that the latter subjects may be considered folate replete, and increasing s-tHcy levels were mainly due to impaired cobalamin status. Contrary, part of the elevated s-tHcy levels in the lowest folate quartile is likely to be due to impaired folate status. The shift in s-tHcy response was found at rather high folate levels.
One may question whether the cut-off value of s-folate 4.5 nmol=l at our laboratory is too low to detect folate deficiency in the population of pregnant Nepali women with sufficient sensitivity. Other publications indicate that functional folate deficiency cannot be ruled out at s-folate levels as high as 10.0 nmol=l (Brouwer et al, 1998) . Using 10.0nmol=l as cut-off value for folate deficiency in our material, 84 women (26%) would have been considered folate deficient. Of these, 68 women (81%) had elevated s-tHcy levels.
Remarkably, those women who had s-folate in the highest quartile exhibited the steepest MMA response to falling s-cobalamin (Figure 3 ). This observation is in accordance with the methylfolate trap hypothesis (Tefferi & Pruthi, 1994) , which includes reduced cellular ability to retain methyltetrahydrofolate in cobalamin deficiency, resulting in increased serum folate levels.
The poor cobalamin status observed in our population may partly be explained by the traditional vegetarian diet in Nepal. Cobalamin deficiency is reported to be common also in India (Jathar et al, 1970; Kumar et al, 1989) . In addition, malabsorption due to intestinal infections (Casterline et al, 1997; Hjelt et al, 1992) and the increased requirements during pregnancy (Allen, 1994 ) may represent possible causes of cobalamin deficiency. In many cases, it is most likely a combination of these factors.
Mean s-tHcy was lower among women in the second and third trimesters than in the first trimester. This is in accordance with findings in other studies, which have shown a decrease in Hcy during pregnancy (Andersson et al, 1992; Kang et al, 1986) . The decrease of Hcy in pregnancy could be due to the physiological haemodilution, maternal hormonal changes, and increased remethylation of Hcy due to increased demands for methionine by the foetus (Bonnette et al, 1998) . Interestingly, the majority of women in our study had considerably higher mean s-tHcy concentrations than in presumed vitamin-replete pregnant women (Walker et al, 1999) . Moreover, the relative change of mean s-tHcy during pregnancy was smaller compared to findings in the above-mentioned study. At the same time, mean s-MMA concentrations were higher in the second and Number (n), fraction (%), odds ratio (OR) and adjusted odds ratio (AOR) with 95% confidence interval (CI). Adjusted odds ratios obtained from multiple logistic regression model adjusted for the variables included in Table 3 . Age, parity and gestation were analysed as continuous variables.
third trimesters compared with the first trimester. An increasing prevalence of cobalamin deficiency in late pregnancy may thus explain the only minor changes in s-tHcy during the course of pregnancy. The homocysteine increasing effect of cobalamin deficiency could have attenuated the physiological fall of s-tHcy during pregnancy. We observed that the ethnic group Chhetri had significantly higher mean values of s-tHcy and s-MMA compared to the reference category Newar, while the mean values of s-cobalamin and s-folate were lower. Maternal characteristics including age, parity, BMI, height, gestational age and calendar month at the first antenatal visit were similar in the different ethnic groups. Dietary habits may explain the difference in the observed s-tHcy and s-MMA values. In addition, there may be ethnic differences in the cobalamin metabolism (Carmel, 1999) .
We have previously described a seasonal variation in the prevalence of anaemia among pregnant Nepali women (Bondevik et al, 2000c) . In the present study, we observed a seasonal variation in mean s-tHcy, which was significantly higher in the monsoon period (May -September), compared to the winter months. Although the differences were significant, the number of women included in the winter months was low. As all severely anaemic women were included in the study, the pregnant women were not randomly selected. Still, we cannot see any clear mechanism of bias that would increase the number of women with low tHcy in the winter months. In the present study, we also observed a seasonal variation of mean s-MMA, however, the differences were not significant. Several mechanisms may affect the seasonal variation in s-tHcy and s-MMA levels. As mentioned, the Nepali diet is traditionally vegetarian, and is likely to have low content of cobalamin. However, during the main festivals Dasai and Tihaar (in October and November), there usually is an increase in intake of meat, which may slowly improve the cobalamin status. In addition to the cultural eating habits, the varying cost and availability of food may be among the factors explaining the seasonal variation. During the monsoon period, there also is an increase in the prevalence of intestinal infections, which may have an impact on the absorption of micronutrients (Bhadra et al, 1992; Croese, 1995) .
We performed analyses to study possible associations between s-tHcy values and pregnancy outcome parameters. Women with elevated s-tHcy values had higher risks of pre-eclampsia, preterm delivery and low birth weight. The increased risks were not significant, and the confidence intervals were wide due to the low number of deliveries in our study. However, our findings are in accordance with observations in other studies, which have shown associations between elevated homocysteine and increased risk of pregnancy complications (Ray & Laskin, 1999; SteegersTheunissen et al, 1992; Vollset et al, 2000) . Although the majority of s-tHcy elevations may be explained by cobalamin deficiency, we could not find an association between s-MMA values and pregnancy complications.
Conclusions
In our study population, the prevalence of functional cobalamin deficiency was high, while the prevalence of functional folate deficiency was relatively low. In populations with a high prevalence of cobalamin deficiency, supplementation with high folate doses could be hazardous, as it may camouflage haematological signs, delay diagnosis of cobalamin deficiency, and even accelerate development of neurological disease. We found non-significant associations between s-tHcy and pregnancy complications. Based on our findings, we would suggest considering cobalamin supplementation, in addition to folate supplementation, in order to improve vitamin status among pregnant Nepali women and to lower total homocysteine levels.
